Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
INTRODUCTION
In 1995, industries worldwide extracted 48 billion (metric) tons of raw materials from nature to use them in production processes or to consume them. This number rose to 68.7 billion tons by 2008. If unused extraction like overburden from mining is considered, humanity additionally withdrew approximately 41.3 billion tons in 2008 alone. Raw material extraction grew unequally in this time period. China's boosting importance is particularly striking. Its domestic material extraction more than doubled from 7.9 billion tons in 1995 to 18.1 billion tons in 2008. China also expanded its raw material supply in relative terms. While the People's Republic accounted for 16.4 per cent of worldwide material extraction in 1995, it supplied 26.4 per cent of total extraction in 2008 (calculations based on Dietzenbacher et al., 2013) . 1 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 Resource extraction and its regional distribution; Data: Dietzenbacher et al. (2013) Material use is closely connected to global and local environmental phenomena, from climate change over deforestation to losses in biodiversity. The European Union made resource efficiency a major topic in its policies and it is now a key priority for policymakers across Europe. The European Union emphasized resource efficiency as one of seven flagship initiatives in its Europe 2020 strategy for smart, sustainable and inclusive growth (European Environment Agency, 2011) .
Our aim is to disentangle the drivers of material use worldwide. We separate the influence that technical change, structural change and overall economic growth exert on material use. We define material use as the amount of materials that are employed directly by sectors and final consumers, both domestic and imported. It comprises the use of biomass, fossil fuels, and minerals including metals. In accordance with the literature, we do not consider the use of air and water. This definition corresponds to direct material consumption in the material flow analysis literature (Fischer-Kowalski et al., 2011) . 2 We investigate material use rather than extraction for two reasons. Firstly, demand for raw materials is derived from production and consumption decisions. Secondly, regional extraction patterns reflect costs largely determined by geological or climatic conditions.
We exploit the World Input-Output Database (WIOD, Dietzenbacher et al., 2013) , containing harmonized input-output tables for 40 major economies and 35 sectors as well as data on material extraction. Based on the WIOD, we construct a panel of direct material use taking into account both domestically extracted and imported materials. Subsequently, we use an index decomposition analysis (IDA, Ang and Zhang, 2000; Ang et al., 2010; Voigt et al., 2014) to investigate trends in material use. The decomposition approach applied in this study allows us to analyze both national and global developments.
A number of studies investigate drivers of material use empirically. They can be divided into three groups according to the employed methodology. The first group is based on index decomposition analysis applied to country-level data. Hoffrén et al. (2000) present an early example of this literature for the case of Finland. Hashimoto et al. (2008) decompose the material intensity of Japan from 1995 to 2002 and find that changes in demand structure and efficiency gains in production are the most important drivers of falling material intensity in this period.
Other studies on material use are based on structural decomposition analysis (SDA). Pablo Muñoz and Hubacek (2008) investigate Chile's material use from 1986 to 1996. They measure material use as domestic material intensity (DMI), which equals the sum of domestically extracted and imported materials. Thus, their measure also includes materials extracted for exports. Pablo Muñoz and Hubacek (2008) find that overall economic growth and increased exports explain most of Chile's raising DMI. Falling ore grades (the share of metals in a unit of ore) in copper mining contribute as well. Another study of a raw material exporting country is conducted by Wood et al. (2009) , decomposing the growth of Australian material use. Similar to Pablo Muñoz and Hubacek (2008) , they find economic growth and increasing exports to be particularly important. Contrary to the Chilean case, they identify small growth of material efficiency. Weinzettel and Kovanda (2011) compare the raw material consumption (RMC) in the Czech Republic in 2000 and 2007 using an SDA. RMC is a consumption-based indicator, measuring the raw material extraction implied by final consumption. They find that technology, including both material intensities and economic structure, improved between these years, but did not compensate for the growing demand in the Czech Republic. All previous studies relying on index decomposition analysis or structural decomposition analysis are carried out at the level of single countries. To our best knowledge, we present the first multi-country IDA of material use.
A third group of papers employs econometric techniques to examine the drivers of material use. Steinberger et al. (2010) use cross-sectional data of 175 nations in 2000. They find that income is an important driver for material use, but with notable differences between types of materials. The use of biomass exhibits a small income elasticity, but the use of minerals and fossil fuels grows proportionally to income. Wiedmann et al. (2013) investigate factors explaining the material footprint, a consumption based indicator, of 186 countries in 2008. Their regressions also show that income is important. For each 10 per cent increase in income, the material footprint grows by 6 per cent. Steger and Bleischwitz (2011) (EU 25) . Their study is the only one known to us which employs panel data, rendering their approach highly complementary to ours. While Steger and Bleischwitz (2011) pool their data and consider a large variety of potential explanatory variables, we focus on developments over time while restricting our analysis to a limited number of explanatory factors. Steger and Bleischwitz (2011) find energy consumption, construction activities, and the length of transportation networks (e.g. roads, rail networks) to be important drivers of both endogenous variables.
Our contribution is related to the index decomposition literature and introduces three novel features. Firstly, we are able to exploit a consistent and harmonized dataset containing detailed information on economic activity and environmental impacts. It combines a global scale with a high sectoral resolution. Secondly, we are able to observe changes in material use over a long and merely current period from 1995 to 2008. And thirdly, we are able to aggregate economic output and material use of 40 major economies into a global aggregate, allowing us to distinguish between within-country and between-country structural change. This adds an additional dimension to the three drivers of material disentangled on the country level: Overall economic growth, structural change in the sectoral composition of an economy, and within-sector intensity changes.
Our findings suggest that economic growth is the main driver for the development of global material use. At an aggregate level, there was no "decoupling" of economic growth and material use. There is, however, large heterogeneity in the development of individual countries as well as sectors. Some nations, for example, exhibited economic growth combined with falling material use.
DATA AND DESCRIPTIVES

The WIOD Database
The main data source for our analysis is the newly released World Input-Output Database (Dietzenbacher et al., 2013) . 3 The WIOD database is built on national accounts data and was developed within the 7th Framework Programme of the European Commission. 4 The relevant information for this study is part of the Social Economic Accounts (SEA), the World Input-Output tables containing information on trade flows and intermediate inputs, as well as the material extraction data provided as satellite accounts accompanying the input-output tables. The measure of sectoral economic activity relevant for our analysis is gross output (GO) which is expressed in monetary units in basic 1995 prices and converted to million US$ (1995) using market exchange rates. The WIOD database has two main advantages. Firstly, throughout the data collection effort, harmonization procedures were applied to ensure international comparability of the basic data. This ensures data quality and minimizes the risk of measurement errors. Secondly, WIOD includes sectoral price BIGGER CAKES WITH LESS INGREDIENTS? deflators, the use of which allows to retain important information on the heterogeneity of the sectors with respect to price developments. This represents an improvement over the use of aggregate national price deflators. A complete list of the 34 sectors is presented in Table 1 in the appendix. 5 The structure of the WIOD hence allows us to address the research questions outlined above by focusing on many heterogeneous countries over a fairly long time span. This is an improvement over the previously available literature which was more limited either geographically or with respect to the time dimension.
The WIOD contains information about material extraction based on the Global Material Flow Database (SERI, 2013) and Eurostat's Material Flow Accounts. Twelve types of extraction are distinguished, which can be consolidated into biomass, fossil fuels, and minerals. Extraction is measured in 1000 (metric) tons (kt) and provided both for used and unused extraction. Used extraction enters the economic system, while unused extraction is of no value for production and consumption (e.g. overburden). Due to substantially higher data quality, we confine our investigation to used extraction.
Material extraction is allocated to two sectors in the World Input-Output database. The sector AtB (Agriculture, hunting, forestry and fishing) is assumed to extract all biomass, the sector C (Mining and quarrying) is responsible for the extraction of fossil fuels and minerals. Table 2 in the appendix presents the types of materials and the corresponding sectors.
To identify the material use, we first sum up the materials extracted by each extraction sector ix = {AtB, C}. Let E ix,j,t denote the material extraction by sector ix in region j and year t. Since WIOD only distinguishes two extraction sectors, differentiating more material flows is not possible.
We assume that the extraction sectors' prices are identical irrespectively of whom they sell their output to. That implies that a dollar of purchases from an extraction sector always contains the same amount of materials. 6 β i ix,k,i,j,t denotes the share that sector i in region j uses from the total output of extraction sector ix in region k and is computed according to equation (1), where II ix,k,i,j,t is the intermediate input from extraction sector ix in k to sector i in j.
5 The countries in the database include all EU member states, other OECD member states including all the large developed countries, and the most important emerging economies including the BRIC countries (Brazil, Russia, India, China). All other countries are summarized in an aggregate region "Rest of the World" (RoW) which is only used, however, to complete the trade data. No SEAs are provided for this region. In addition to providing economic time series data for the period from 1995 to 2009, WIOD contains several consistent satellite accounts with the same sectoral classification as the core dataset. The satellite accounts consist of socioeconomic data (i.e. skill types of labor, sectoral and total capital stocks) and, most important for our purpose, a rich set of environmental information, including materials extraction separated by sector and numerous material types (biomass, fossil, minerals etc.). We restrain our analysis to the period from 1995 to 2008 and thus exclude 2009, which is likely to be heavily distorted by the financial crisis.
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Analogously, β f d ix,k,j,t is the share that is consumed as final demand from region j in sector ix's output. It is calculated according to equation (2), where F D k,ix,j,t is the aggregate final demand in region j for goods of sector ix in k.
To derive the material use of sectors (M i i,j,t ) and final demand (M f d j,t ), we add up their input of materials from all extraction sectors as presented in equations (3) and (4).
Country j's overall material use M j,t is thus
Country and sectoral descriptives
From 1995 to 2008, material use of the 40 economies included in our sample increased by 56 per cent (see Figures 11.1 and 11.2). However, both figures present a very aggregated picture of global material use. It is aggregated with respect to two dimensions: sector-specific and country-specific developments. In this subsection, we undertake a first step towards a more fine-grained picture of sectoral and country heterogeneity.
A t B C 1 5 t 1 6 1 7 t 1 8 1 9 2 0 2 1 t 2 2 2 3 2 4 2 5 2 6 2 7 t 2 8 2 9 3 0 t 3 3 3 4 t 3 5 3 6 t 3 7 The development of material use is the result of heterogeneous sectoral dynamics as indicated by the boxplots in figure 2. We calculate the average annual material use changes within our sample period for each sector in each country. Each boxplot in figure 2 depicts the heterogeneity of the sectoral changes across countries. The lower
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and upper whiskers represent the respective 10 th and 90 th percentile of the growth rate (in per cent). The lower bound of the box represents the 25 th percentile in annual material use changes, the upper bound of the box represents the 75 th percentile. The median is indicated by the bar in the box and the red circle represents the weighted average material use change of the sector aggregated over the 40 countries in the sample. Additionally, the plot contains information on each sector's "weight", i.e. the share of material use in total material use in 2008 (the grey bars). A comparison of the median and the weighted average value allows to gain important insights on the country distribution with respect to material intensity development.
A mean growth rate above the median indicates that countries with a high share of gross output within a sector performed worse than the majority of other countries. Such a large divergence between weighted mean and median change in material intensity occurs in sectors with a relatively poor overall performance regarding material intensity reduction, such as mining and quarrying (C), coke, refined petroleum and nuclear fuel (23), chemicals and chemical products (24), other non-metallic mineral products (26), basic metals and fabricated metal products (27t28), electricity, gas and water supply (E) and construction (F). Each of these sectors is of major importance with shares between 6 and 30 per cent in total material use.
The foremost reason for the divergence between weighted mean and median change is the (economic) rise of China. China has a high output share but performed relatively poorly with respect to material use reductions in all sectors mentioned above. China's share in material use in the mining and quarrying sector was 23 per cent in 1995 and rose to 51 per cent in 2008. The opposite can be observed for the United States, where the share decreased from 30 per cent to 18 per cent. This development is even more pronounced in the basic metals and fabricated metal products sector. The Chinese share increased from 36 to 64 per cent while the US share fell from 10 to 2.5 per cent.
Conversely, four sectors show substantially lower mean than median growth rates. In this case, countries with high gross output and material use shares presumably performed better than the majority. The four sectors with the largest difference in this regard are sale, maintenance and repair of motor vehicles (50), wholesale trade and commission trade (51), financial intermediation (J) and real estate services (70). In these sectors, countries having gross output shares of more than 20% in the respective aggregated "global" sector performed far better in terms of material use than the global average. However, all these sectors are service sectors and their share of total material use is almost negligible.
A second dimension of heterogeneity of changes in material use is country heterogeneity. Figure 3 shows the distribution of material use developments for all sectors within a given country. The boxplots are constructed in a manner analogous to those shown in Figure 2 and are based on the average annual material use growth rate over the time span from 1995 to 2008. Also in this case, if the weighted mean growth rate is above the median, this indicates that sectors with a high share of gross output within the specific country performed worse than the majority of other sectors and vice versa.
Similar to the sectoral analysis, we observe growing material use in most countries of our sample. With respect to the spread of material use developments across the sectors in each country, we observe large differences. Many countries -namely the Czech Republic, Germany, Denmark, the United Kingdom and Japan -have 75 th percentiles below zero, i.e. most of the sectors actually reduced their material use. In various other countries, the distribution across sectors is clearly dominated by increases in material use. This observation is confirmed when looking at the median which is also positive for most economies. Figure 3 reveals that mean intensity growth is considerably greater than the median in some countries, i.e. large sectors did perform substantially worse than the majority in terms of material use development. Among these countries are India, the United States and, most importantly, China. What separates these countries is the fact that for the United States both the median as well as the mean are below the zero percent line, for India at least the median is below the zero per cent line and that for China both mean and median are positive. For some countries, the opposite applies with the most pronounced difference in Portugal, Greece, Slovenia and Turkey. In these cases, sectors with high gross output and material use shares performed better than the majority.
Heterogeneity in material use change is, in general, slightly more pronounced within sectors than within countries. The average difference between the 90th and the 10th percentile is 14.5 for countries while it is 15.6 for the sectoral perspective. This indicates that conditions in a country have a stronger influence on the development of material use than conditions in a sector, implying a possible similarity of countries across the globe with respect to material use improvement options.
THE MEAN DIVISIA INDEX DECOMPOSITION OF MATERIAL USE
While the descriptive analysis illustrates developments of material use across sectors and countries, it does not inform about the drivers behind the changes. We decompose material use to shed light on these issues, both at the aggregate and the country level.
The development of material use in the economy can be attributed to three different but equally relevant changes. First, material use is likely to increase when economic output rises and to decrease in times with low economic growth (activity effect). Second, material use can increase or decline as a result of changes of the sec-toral composition of an economy (structural effect). And third, overall material use changes may be driven by sectoral material intensity improvements or deterioration (intensity effect). 7 The main purpose of this paper is to study the trends in material use in 40 economies and disentangle in detail the contributions from economic growth, structural changes in the economy, i.e. a shift to economic sectors which feature higher or lower material use, as well as the effects of improvements in material intensity within the sectors of an economy. Such a research question can be addressed using two broad categories of decomposition methodologies: approaches based on input-output analysis, called structural decomposition analysis (SDA), and disaggregation techniques which can be referred to as index decomposition analysis (IDA) and which are related to index number theory in economics. Ma and Stern (2008) summarize the main advantages and disadvantages of each approach.
We use an index decomposition approach (IDA) as described by Ang and Zhang (2000) ; Boyd and Roop (2004) ; Ang et al. (2010) and, more recently, by Choi and Ang (2012) or Voigt et al. (2014) for total, sectoral and national energy intensities and adjust this approach to analyze material use. We focus on the structural changes that affect the supply side of the economy (productive sectors) and thus exclude the private households.
Following Ang and Zhang (2000), we rely on multiplicative decomposition and use the "logarithmic mean divisia index" (LMDI-II) approach (Ang and Choi, 1997) . 8 This methodology offers very important advantages: (1) it is zero-value robust (Ang et al., 1998, p. 491) and (2) it "yields perfect decomposition" (Ang et al., 1998, p. 495) , i.e. no unexplained residual exists. The latter is a considerable advantage over the arithmetic mean divisia index, where the residual can be different from zero "when changes in the variables [. . . ] are substantial", as in the case where the methodology is used in cross-country analyses Zhang, 2000, p. 1165). 9 3.1 Country-Level IDA Our variable of interest is total material use of economy j at time t. It is defined for each country as a weighted average of sectoral material intensities,
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with the following notation:
• period: t ∈ (1995, 2008),
• sectors: i = 1, . . . , 34,
• countries: j = 1, . . . , 40,
• sectoral material use of sector i in country j and period t: M i,j,t ,
• material use of country j in period t:
• sectoral gross output of sector i in country j and period t: GO i,j,t ,
• gross output as a measure of economic activity of country j in period t:
• share of sector i in total gross output of country j in period t:
, and
• sectoral material intensity of sector i in country j and period t:
The multiplicative decomposition of change in total material use between the periods t and t + 1 is the product
D Act,j,t+1 is the estimated impact of rising economic output on material use (activity effect) in period t + 1. D Str,j,t+1 is the estimated impact of structural change on total material use in period t + 1. D Int,j,t+1 is the estimated impact of changes in the sectoral material intensity (the inverse material efficiency) levels in period t + 1 (intensity effect). The formulae for the log mean Divisia index decomposition are
where
is defined as the logarithmic mean, e.g. for the periods t and t + 1, and serves as a weighting scheme in the index decomposition framework (Ang and Zhang, 2000) and ω i,j,t is the sectoral share of material use within a given country, ω i,j,t = M i,j,t M j,t . As proposed by Ang and Liu (2007) , we use chaining decomposition, i.e. the specific annual values are computed on a rolling basis (from 1995 to 1996, from 1996 to 1997 etc.) where the value for 1995 is set equal to 1. These results are "chained" to obtain a time series from 1995 to 2008.
Global IDA
The approach outlined in the previous subsection can be extended in order to conduct an index decomposition analysis at the global level. Therefore, we define global (aggregate) total material use at time t,
with the additional notation:
• global gross output in period t: GO t = j GO j,t ,
• global material use in period t: M t = j M j,t ,
• total global gross output in period t: GO t = j GO j,t , and
• share of country j in total global gross output in period t:
GOt .
This enables us to perform a four factor decomposition at the global level which is described analogously to equation 7,
In this case, we distinguish two aspects of structural change, a between-country structural effect, D bStr,t+1 , and a within-country structural effect, D wStr,t+1 . An increase of the former effect describes a shift of the global economy toward more materialintensive countries. An increase in the latter effect denotes a shift toward more material-intensive sectors within the countries of our sample. The global intensity effect, D Int,t+1 , describes the overall material intensity change aggregated over each sector and each country and D Act,t+1 describes the overall increase in economic output (activity effect). The corresponding formulae for the log mean divisia index decomposition are
The logarithmic mean L(ω i,j,t+1 ,ω i,j,t ) is defined analogously to equation 11, but ω i,j,t has to be replaced by the more fine-grained parameterω i,j,t describing the share of material of each country and sector within global aggregate material use,ω i,j,t = M i,j,t Mt . Also in this case we apply chaining decomposition.
The rest of this paper compares the development of the respective components over time. By looking at these three variables, we assess their relative weights on material use developments. Following the analysis of the specific country trends to highlight region-specific dynamics (subsection 4.1), we compare those to the four factor decomposition at the global level (subsection 4.2).
RESULTS
In this section, we perform the index decomposition for the individual countries. Figure 4 plots the annual average growth rate of gross output against the annual average growth rates of material use (both in per cent) between 1995 and 2008. The dotted lines represent the world average for both. Countries which performed best are located in the lower right corner (implying above-average economic growth and below-average rise in material use) and countries which performed worst are located in the upper left corner (implying below-average economic growth and above-average growth in material use). After performing the index decomposition analysis for all countries, we used Figure 4 to identify four country groups. Our summary of the results will be brief but we take a moment to address some country-specific peculiarities and refer the reader to the work of authors who delved into more detail.
Country-specific results
Best Performers All countries exhibiting above-average gross output growth and material use growing below average until 2008 are classified as best performers. Most best performers are eastern European countries. The group includes a large materials exporter (Russia), a small western European country (Luxembourg), and an important Asian country (Taiwan). Figures 55.1 to 55.7 display the country-level IDAs for the best performers.
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All graphs displaying the results of the index decomposition analyses can be interpreted analogously. The total effect (red line) is the change of material use relative to 1995. In the Czech Republic, for example, material use is some 14.6 per cent larger in 2008 than it was in 1995. The other lines correspond to the three components into which we decompose the total effect. They are measured relative to 1995 as well. An activity effect (dashed blue line) of greater than one means that economic growth drove material use above 1995 levels. If the structural effect is above one, sectoral composition shifted towards material-intensive sectors. An intensity effect (light blue line) of greater than one implies that sectors used materials more intensively (i.e. material efficiency fell). The total effect equals the product of the three effects. gary) per cent in most best performers. Furthermore, the structural effect did not show large fluctuations, but evolves steadily.
The intensity effect evolved more diversely among the best performers and fluctuations between years are substantially larger than for the structural effect. Luxembourg can serve as an (extreme) example. Generally, smaller countries appear to have more volatile intensity effects than the larger ones. The results also show that the intensity effect reduced material use in most countries (e.g. Czech Republic, Latvia, Poland, Taiwan) from 1995 to 2008 and thus contributed to a stable or even decreasing total material use. We can confirm the findings by Weinzettel and Kovanda (2011) for the Czech Republic. Remarkable are the developments in Hungary, Russia and Taiwan. The intensity effect was positive in Hungary from 1998 to 2005, i.e. sectoral production became more material intensive. This almost compensated the shift towards less material intensive sectors. From 2005 to 2008, the intensity effect returned to a value comparable to 1995 and was the main driver for the total effect. In Russia, the intensity effect reduced material use by 40 percent. Combined with the mild shift towards less material intensive sectors, this compensated for the increase in material use induced by economic growth. The Taiwanese economy reduced its sectoral material intensities by 66 per cent and thus overcompensated the strong structural change towards material-intensive sectors.
All countries in the best performers group exhibited a large economic growth and at least doubled their economic output. However, total material use in all countries beside Luxembourg remained stable or even decreased. We conclude that decoupling of economic growth and material use, i.e. the difference between the activity effect and the total effect was most prevalent in the best performers group. This development results from a combination of structural change and more efficient production technologies.
Medium I Nations in which both gross output and material use grew above the average until 2008 are classified into the medium I group. This group consists mostly of Eastern European economies that benefited from the transition process towards a market economy. Turkey and South Korea as well as, most importantly, China and India are also located in this country group. Total material use increased substantially in nations in the medium I country group between 1995 to 2008. The structural effect contributed to falling material use in half of the countries, namely Estonia, Ireland, Romania, South Korea, Slovakia and Turkey. The structural effect remained unaltered in China, Cyprus, India and Lithuania and it increased only in Bulgaria.
Among the countries in the medium I country group, Bulgaria, Cyprus, Estonia, Ireland, Lithuania, Romania and Turkey are identified as countries using materials least effectively by European Environment Agency (2010). Our findings match these results. With the exception of Bulgaria, the intensity effect contributed at least mildly to the growing material use in these nations.
The intensity effect emerged differently for the Asian countries. India, South Korea and most importantly China improved their production technologies with respect to material use.
Similarly to the countries in the best performers group, all nations in the medium I group experienced a tremendous economic growth, especially China. They also exhibited an above-average increase in material use, driven by the activity effect in most cases. However, the combination of the structural and the intensity effect moderated the effect for China, India and South Korea. A mild decoupling can be observed for BIGGER CAKES WITH LESS INGREDIENTS? these countries. Contrariwise, the total effect even was above the activity effect for the small economies of Cyprus and Lithuania.
The results displayed in figure 55.9 outline China's outstanding importance. The People's Republic exhibited, by far, the strongest activity effect in our sample. Without structural change and the efficiency gains dampening it, Chinese material use would have five-folded from 1995 to 2008. Wang et al. (2012) , who investigate China's DMI from 1998 to 2008, find that the use of metallic minerals grows particularly strongly. This coincides with China taking a dominant role in many upstream industries. Take the steel sector as an example. 37.7 per cent of the worldwide crude steel production of 1.3 billion tons took place in the People's Republic in (World Steel, 2009 ). In 1995, China accounted for only 4.7 per cent of worldwide crude steel production (IISI, 1996) . We can confirm the results of Wang et al. (2012) , who found that raising material efficiency in China reduced material use.
Medium II The third country group is denoted medium II. Nations in this group combine a below-average growth in gross output and a below-average growth in material use between 1995 and 2008. With the exception of Mexico and Slovenia, all of these countries are mature industrialized economies. Economic growth enhanced material use in all medium II countries. Quantitatively, the activity effect ranges from a 10 per cent increase in Japan to 80 per cent in Mexico and Slovenia. In most nations, it augmented material use by around 50 per cent from 1995 to 2008.
Structural change helped reducing the material use in all medium II countries except France and Spain. A falling importance of material-intensive sectors in the economies' composition usually reduced material use by 10 to 20 per cent. Again, the structural effect evolves smoothly over time.
Material intensity decreased in most nations in the medium II group. The intensity effect usually accounts for a 10 to 20 per cent reduction of material use. Growing material intensities can be found, for example, in Japan or the Netherlands.
Japan experienced a shock in material intensity in 2008, which is plausibly caused by disturbances due to the economic crisis. Up until then, Japan's material use decreased slightly. This development is caused by the intensity and the structural effect, with the latter being more important in quantitative terms. The activity affect was fairly weak in Japan. These results are in line with other studies investigating material use in Japan (Hashimoto et al., 2008; Schandl and West, 2012) .
Worst Countries Our final group consists of countries that performed below the unweighted average in gross output and above average in terms of material use. It is a heterogeneous country group, encompassing raw material exporters (Australia, Canada), industrializing nations (Brazil, Indonesia), southern European countries (Italy, Portugal), and Finland as a mature Western European economy. Figure 55 .34 depicts the development of a key raw material supplier, Australia. We can confirm the findings by Wood et al. (2009) and West (2012) for the total effect. Wood et al. (2009 ) consider the period between 1975 and Schandl and West (2012 ) between 1970 . Hence the periodic overlap with our study is 1995 until 2005. As in the other two studies, the total effect is comparable in 1995 and 2005. In our dataset, the total effect declines from 1996 until 2000 and rose again until 2005. Remarkably, the value for the intensity index increased from 0.9 in 2000 up to more than 1.1 in 2005. Wood et al. (2009) disaggregated total material intensity into the components farming, mining, manufacturing and construction. It was observable that material intensity tremendously increased within the mining block. Material intensity within the mining sector increased significantly in Australia.
A Indonesia is both a developing nation and an important supplier of raw material. WTO (2010) lists Indonesia among the 15 most important exporters of fish, forestry products, and minerals. The Southeast Asian country is, for example, the most important supplier of nickel ores today. While the structural effect was negligible in Indonesia, the activity effect and, in particular, the intensity effect raised Indonesia's material use. Material intensity almost doubled from 1995 to 2008 in Indonesia.
Global Results
In this subsection, we present the results of our four factor decomposition at the global level. Figure 5 highlights the contribution of the activity, the intensity and the two separated structural effects ("within-country" and "between-country") on aggregate material use changes. Our computations are based on equations 12 to 17. The intensity and the "within-country" structural effect decreased equably to a value of approximately 0.85 in 2008. The interpretation of the former effect is analogous to that provided in the three factor decomposition, namely less materialintensive production processes due to improved technology. The most rapid declines in the intensity effect occurred between 2003 and 2008. The "within-country" structural effect testifies a shift toward less material-intensive sectors in the countries of our sample. Finally, we observe a steady and tremendous increase in the "betweencountry" structural component which increased by almost 45 per cent. This means that the global economy shifted to countries with a higher material intensity throughout the whole sample period under consideration. China, and to a lesser extent India, account for most of this development. In particular, China more than tripled its gross output share in the global economy, going from 3.8 per cent in 1995 to 11.6 per cent in 2008. In contrast, large developed economies with declining material intensities, such as the US, Japan or many mature European economies, lost relative importance in the global economy.
CONCLUSIONS
This study investigates the drivers of the vastly growing global material use exploiting the World Input-Output Database (WIOD). We define material use as the amount of materials employed directly by sectors and final consumers, both domestic and imported.
Using index decomposition analyses based on the logarithmic mean Divisia index, we disentangle the main drivers of material use on a national and global level: changes caused by economic growth, by structural change in the sectoral composition, and by changes in within-sector material intensity. It is, to our best knowledge, the first Index Decomposition Analysis of material use employing panel data. This approach allows us to investigate both aggregate trends and the heterogeneity of material use.
At a global level, no evidence on dematerialization or notable decoupling of economic growth and material use is found. Economic growth is the most important factor driving the 56 per cent increase in material use. A shift of production towards material intensive countries further contributed to the growing material use from 1995 to 2008. Within-country structural change towards less material-intensive sectors and growing material efficiency dampened that development. They reduced material use by 15 per cent each.
The country-level analysis reveals substantial heterogeneity. In some nations, such as Russia, material use grows only moderately or even falls in absolute terms. Structural change and efficiency gains counteract increases in material use implied by economic growth. Even in fast growing industrializing nations like China and
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India, efficiency gains decelerate the growth of material use. Industrialized nations exhibit moderately growing material use, explained by structural change.
Our approach allows for a number of extensions, three of which appear to be the most promising. Firstly, evidence suggests that a substantial share of material use in industrializing countries is used to satisfy the demand in developed regions (e.g. Wiedmann et al., 2011; Weinzettel and Kovanda, 2011; Wiebe et al., 2012) . Decomposing a panel of material consumption data could contrast the results of this study. Secondly, Steinberger et al. (2010) indicate that drivers of material use differ by type of material. Distinguishing between biomass, fossil fuels, and minerals can provide further insights, but would necessitate disaggregating the mining sector in the WIOD. Thirdly, we identify material efficiencies corrected for structural change. The material efficiency data can be employed to investigate the empirical drivers of macroeconomic material efficiency. 
